Abstract. We probe the unification of down quarks and leptons in a supersymmetric SO(10) GUT. The large atmospheric neutrino mixing angle induces b R − s R transitions, which can account for the sizeable CP phase φ s measured in B s − B s mixing. Corrections to down-quark-lepton unification from higher-dimensional Yukawa terms translate neutrino mixing also into s R − d R and b R − d R currents. We find the flavour structure of Yukawa corrections to be strongly constrained by ε K .
By evolving this relation down to the electroweak scale M Z and comparing with the measured down-quark and lepton masses, one learns that experimentally down-quarklepton unification holds only for the bottom and tau couplings. Corrections for the mass relations between light fermions can be provided by adding terms of mass dimension five to the Yukawa sector [1] , 
If the adjoint Higgs representation 24 H acquires a vacuum expectation value proportional to SU(5) hypercharge, 24 H = σ diag(2, 2, 2; −3, −3), relation (3) is modified below the GUT scale to
Due to the suppression by σ /M Pl = O(10 −3 ), the Yukawa corrections Y σ affect only the light fermions, while preserving the successful bottom-tau Yukawa unification.
NEUTRINO MIXING IN DOWN-SQUARK INTERACTIONS
Yukawa corrections from dimension-five terms can be implemented straight into SO(10), where all fermions of one generation, plus a heavy right-handed neutrino N, are unified in one spinor representation 16
We examine a specific supersymmetric SO(10) model proposed by Chang, Masiero, and Murayama (CMM) [2] . The Yukawa sector is given by
where the three terms generate masses for up quarks, down quarks and leptons, and righthanded neutrinos, respectively. Under the assumption that the up-quark and neutrino Yukawa couplings Y 10 and Y 16 are simultaneously diagonal, flavour mixing is fully contained in the down-quark-lepton coupling Y 45 . In the fermion mass eigenbasis, the mixing matrices V q and V ℓ are identified with V CKM and V PMNS up to phases. Due to down-quarklepton unification, V PMNS rotates both leptons and right-handed down quarks. The large atmospheric neutrino mixing angle θ 23 ≃ 45 • thereby translates into significant b R − s R transitions. As in SU(5), corrections to Yukawa unification for light fermions arise from the SU(5)-breaking vacuum expectation value 24 H , since the 45 H of SO(10) contains the 24 H of SU(5). They generate additional rotations of down quarks with respect to leptons, parametrized by a mixing angle θ . Up to phases, the rotation matrix of right-handed down quarks is thus given by
As a consequence of this additional rotation, the atmospheric neutrino mixing angle also appears in s R − d R and b R − d R transitions. In a supersymmetric framework, these effects are visible in the couplings of down squarks if the mass spectrum of scalar superpartners is not degenerate. We assume flavour-blind supersymmetry breaking at the Planck scale, which corresponds to universal soft masses m 2 0 and trilinear couplings A 0 at M Pl . Effects of the large top Yukawa coupling in the SO(10) renormalization group evolution induce a mass splitting ∆d = O(0.5) in the down-squark soft mass matrix (here in the up-quark mass eigenbasis),
In the super-CKM basis, where the scalar superpartners are simultaneously rotated with the fermions, the mass matrix of singlet down squarks reads
assuming tri-bi-maximal lepton mixing. The off-diagonal elements induce effects of atmospheric neutrino mixing in K, B d , and B s physics observables. The phases φ K , φ B d , and φ B s = φ B d − φ K are new sources of CP violation. We will concentrate on the characteristic signatures from down-quark-squark gluino box diagrams in meson mixing. For θ = 0, corresponding to vanishing Yukawa corrections, imprints of the atmospheric neutrino mixing angle are confined to B s observables. In B s − B s mixing, both the mass difference ∆M s and the CP-violating phase φ s receive significant contributions. The SUSY spectrum in the CMM model is determined by five input parameters at M Z , which are the gluino mass mg, the universal down-squark mass md, the ratio of downquark trilinear and Yukawa couplings a d = (A d ) 11 /(Y d ) 11 , the phase of the higgsino mass parameter arg(µ), and the ratio of the Higgs-doublet vacuum expectation values tan β . The renormalization group links these inputs via the universality conditions at M Pl to the entire SUSY spectrum at low scales. In Fig. 1 left, we show the effects of large atmospheric neutrino mixing on ∆M s for two typical sets of input parameters distinguished by mg. For gluino masses mg ≃ 400 GeV, the CMM phase is constrained from ∆M s to 1. [3] , while fulfilling the constraints from ∆M s .
CONSTRAINTS ON YUKAWA CORRECTIONS FROM ε K
The magnitude of neutrino mixing effects in K − K and B d − B d mixing from Yukawa corrections Y σ is parametrized by the rotation angle θ , which a priori can be sizeable. The CP-violating observable ε K in the kaon system, however, sets strong constraints on θ . ε K is very well measured, theoretically rather clean, and extremely sensitive to new-physics contributions. One derives the upper bound θ max ≃ 1 • if In other words, corrections to down-quark-lepton unification for light fermions cannot introduce new flavour structures with respect to the initial unified Yukawa couplings if the constraint from ε K holds. Effects of large neutrino mixing in less sensitive K and B d observables are consequently negligibly tiny. In the case of vanishing effects in ε K , θ can still be restrained from B − B mixing observables to θ max ≃ 20 • [4] . This finding is of general interest for GUT model building: Once down-quark-lepton Yukawa unification of light fermions is corrected, ε K strongly constrains the penetration of large atmospheric neutrino mixing into s R − d R and b R − d R currents. In the CMM model, effects are induced by the large down-squark mass splitting ∆d due to SO(10) running. There might be other sources that break the squark mass universality, like downsquark couplings to heavy right-handed neutrinos in supersymmetric SU(5) models [5] . Whenever such a mass splitting occurs, the flavour structure of corrections to downquark-lepton Yukawa unification is restricted to be aligned with the initial couplings. * * * I thank my collaborators Stéphanie Trine and Sören Wiesenfeldt. This work is supported by the DFG-SFB/TR9 and by the DFG Graduiertenkolleg "Hochenergiephysik und Astroteilchenphysik".
